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Abstract

Strains ofXanthomonas axonopodss. citri were isolated from Mexican limé&jtrus aurantifolig) trees in several
countries in southwest Asia. These strains produced typical erumpent bacterial canker lesions on Mexican lime but
not on grapefruitC. paradis). Lesions on grapefruit were watersoaked and blister-like in contrast to the typical
erumpent lesions seen after artificial inoculation with all described pathotypésadonopodispv. citri. This
group of strains hydrolysed gelatin and casein and grew in the presence of 3% NaCl as is tyYiealaiopodis

pv. citri pathotype A. RFLP analyses and DNA probe hybridization assays also gave results consistént with
axonopodigv. citri pathotype A. Metabolic fingerprints prepared with the Bi(@gystem showed similarities as
well as differences t&X. axonopodipv. citri pathotype A. In spite of the physiological and genetic similarities to
pathotype A oX. axonopodipv. citri, these strains had no or very little affinity for polyclonal antiserum prepared
against any of the reference strainsofaxonopodipv. citri and also did not react with monoclonal antibody A1,
an antibody that detects all strains of pathotype A<ofixonopodipv. citri. These strains were also insensitive
to bacteriophage Cp3 lik¥. axonopodigv. citri pathotype A and unlik&X. axonopodigv. citri pathotype B.

We conclude that these strains, designated XtcrBpresent a variant of. axonopodigv. citri pathotype-A

with pathogenicity limited t&C. aurantifolia The existence of extensive genotypic and phenotypic variation within
pathotype A ofX. axonopodigv. citri was unexpected and further complicates the systematics of this species.

Citrus bacterial canker (CBC), caused b¥an- Civerolo, 1991). The typical lesions are erumpent,
thomonas axonopodjsv. citri (Xac) is a widespread  callus-like, with watersoaked, oily, tan colored mar-
disease in citrus producing areas of the tropical and the gins that become brown with age. ‘Cancrosis B’ or
subtropical world. It probably originated in Southeast CBC-B (Xac pathotype B;XacB) has been found in
Asia or India and occurs in more than 30 countries a few countries in South America and has a more re-
(Civerolo, 1984; Civerolo, 1994). Different forms of stricted host range. Lemoxi€itrus limon(L.) Burm)
CBC (A-C), corresponding to different pathotypes of are the most susceptible citrus species while grapefruit
Xac have been described. The Asiatic form, CBC-A (C. paradisiMacf.) and sweet orand€. sinensigL.)
(Xac pathotype A;XacA), is both the most wide-  Osb.) are little affected in the groves. The CBC-C form
spread and is the most economically important form. or Mexican lime canker{acpathotype CXacC) af-
The host range oKacA strains is broader than that fects only Mexican lime €. aurantifolia (Christm.)

of the other pathotypes (Civerolo, 1984; Stall and Swingle) in Brazil. The symptoms induced Bac-B



478

Table 1. Strains ofXanthomonas axonopod. citri used in this study

strains CBCD group Origin year host

Xc269 Al Saudi Arabia 1988 C. aurantifolia
Xc270 AF Saudi Arabia 1988 C. aurantifolia
Xc271 A* Saudi Arabia 1988 C. aurantifolia
Xc272 A* Saudi Arabia 1988 C. aurantifolia
Xc273 AF Saudi Arabia 1988 C. aurantifolia
Xc274 A* Saudi Arabia 1988 C. aurantifolia
Xc275 A* Saudi Arabia 1988 C. aurantifolia
Xc276 AF Saudi Arabia 1988 C. aurantifolia
Xc277 AF Saudi Arabia 1988 C. aurantifolia
Xc278 A* Saudi Arabia 1988 C. aurantifolia
Xc279 AF Saudi Arabia 1988 C. aurantifolia
Xc280 AF Saudi Arabia 1988 C. aurantifolia
Xc281 A* Saudi Arabia 1988 C. aurantifolia
Xc282 AF Saudi Arabia 1988 C. aurantifolia
Xc283 AF Saudi Arabia 1988 C. aurantifolia
Xc289 A* Saudi Arabia 1988 C. aurantifolia
Xc290 AF Saudi Arabia 1988 C. aurantifolia
Xc291 AF Saudi Arabia 1988 C. aurantifolia
Xc292 A* Saudi Arabia 1988 C. aurantifolia
Xc293 AF Saudi Arabia 1988 C. aurantifolia
Xc322 AF Saudi Arabia 1988 C. aurantifolia
Xc323 A* Saudi Arabia 1988 C. aurantifolia
Xc328 AF Saudi Arabia 1988 C. aurantifolia
Xc329 AF Saudi Arabia 1988 C. aurantifolia
Xcl64 AF India 1988 Citrus sp.
Xcl165 A India 1988 C. aurantifolia
Xc166 AF India 1988 C. aurantifola
Xcl67 A India 1988 C.limon
Xcl68 A India 1988 Poncirus trifoliata
Xc169 AF India 1988 C. aurantifola
Xcl70 A India 1988 C. sinensis
CFBP2851 A India 1988 Citrus sp.
JF90-2 A Oman 1986 C. aurantifola
JF90-3 A Oman 1986 C. aurantifola
JF90-5 A Oman 1986 C. aurantifola
JF90-8 A Oman 1986 C. aurantifola
JF90-12 A Oman 1986 C. aurantifola
JM47-2 At Iran 1991 C. aurantifola
Xc100 A Pakistan 1984 Citrus sp.
Xc158 A Pakistan 1988 C. sinensis
Xc98 A Yemen 1982 C. aurantifolia
Xc251 A Yemen 1988 Citrus sp.
Xc252 A Yemen 1988 Citrus sp.
Xc62 A Japan 1978 Citrus sp.
Xc64 B Argentina 1979 C. limon
Xc69 B Argentina 1979 C. limon
Xc84 B Uruguay 1984 C. limon
Xc90 D Mexico C. aurantifolia
Xc70 C Brazil C. aurantifolia

L+ jnitially suspected aXac-A strains but with a unique phenotype.



479

and -C are very similar to those induced ¥sc-A on 1990; Vauterin et al., 1990; Young et al., 1990; Young
hosts where symptoms are induced (Civerolo, 1994; et al., 1991). A recent reclassification of the genus
Stall and Civerolo, 1991). Another disease named bac- Xanthomonadased on DNA-DNA hybridization and
teriosis Kac pathotype D) was reported on Mexican metabolic activity studies confirmed this interpretation
lime in Mexico. The validity of ‘pathotype D’ is prob-  (Vauterin et al., 1995). At that time, xanthomonads
lematic since only one pathogenic bacterial strain was associated with citrus were moved frofncampestris
isolated. The disease with which ‘pathotype D’ was into the speciesX. axonopodis Pathotype A, and
originally associated is now calléthancha foliar de pathotypes B and C and tie axonopodi€BS strains
los citricos’ and is attributed tcAlternaria limicola may now be referred to respectivelydsaxonopodis
(Becerra et al., 1988; Palm and Civerolo, 1994). pv. citri, X. a. pv. aurantifolii and X. a. pv. citrumelo

A novel bacterial disease of citrus was described (Vauterin et al., 1995). However, this proposal was not
in 1984 in Florida. Foliar symptoms include flat validated by the sub-committee on taxonomy of plant
necrotic lesions with watersoaked margins and are pathogenic bacteria (Young et al., 1996).
found principally on the rootstock ‘Swingle’ citrumelo During the last decade, CBC was reported in
(C. paradisiX Poncirus trifoliatg in citrus nurseries  southwest Asia including Saudi Arabia, Oman, Iraq
(Graham and Gottwald, 1991; Stall and Civerolo, (Ibrahim and Bayaa, 1989), the United Arab Emirates
1991). This disease, called citrus bacterial spot (CBS) (El Goorani, 1989) and Iran (Alizadeh and Rahimian,
is caused by strains of. axonopodisand is of lit- 1990). We describe here the characterization of phe-
tle economic importance compared@BC-A. Many notypically atypicaXacstrains isolated from Mexican
studies have made possible a thorough characteriza-ime in Saudi Arabia, Oman, Iran, and India. Although
tion of both CBC and CBS strains and have revealed closely related toXacA, these strains can be readily
variability among the different pathotypesXxcand distinguished from previously known strains X&c-
among X. axonopodisstrains causing CBS as well A based on their atypical pathogenicity Gitrus and
as extensive differences between all CBC- and CBS- Poncirusspecies as well as on some hybrids.
inducing strains (see reviews Civerolo, 1984; Graham
and Gottwald, 1991; Stall and Civerolo, 1991).

These conclusions are confirmed by accumulated pmaterials and methods
data from physiological tests (Verniere et al., 1991,
Verniere et al., 1993), phage typing (Wu et al., 1993), Bacterial strains
total protein profiles after SDS-PAGE, DNA-DNA so-
lution hybridizations (Vauterin et al., 1991; Egel et Strains from southwest Asia presenting a distinct com-
al., 1991), plasmid DNA fingerprints (Pruvost et al., bination of host range and symptomatology, referred
1992), plasmid-based hybridization probes (Hartung, to below asXac -A*, were compared to reference
1992) and polymerase chain reaction-based assaysstrains ofXac-A and Xac-B (Table 1). Strains from
(Hartung et al., 1993), and restriction enzyme analysis Saudi Arabia and Oman were isolated in 1988 and
of amplified DNA fragments of ahrp-related DNA 1986 respectively. Additional strains from Iran and
sequence (Leite et al., 1994). Moreover, a pathogenic- India were also included. All of these strains were
ity genepthA which is required to elicit typical symp-  isolated from Mexican lime (Table 1).
toms of CBC was isolated from a pathotype A strain
of Xac (Swarup et al., 1991; Swarup et al., 1992). pathogenicity tests
Hybridizations of total DNA with gthA fragment re-
vealed different profiles between CBC-A strains and Attached leaf assay
cancrosis B and canker C strains. No hybridization |mmature fully expanded ‘Mexican’ lime and ‘Marsh’
was observed witlX. a. pv. citrumelostrains (Swarup  grapefruit seedling leaves were infiltrated by press-
etal., 1992). ing the opening of a syringe without a needle gently

Based on these studies one may distinguish three against the abaxial leaf surface supported by one fin-
groups of strains oK. axonopodisnvolved in citrus  ger. Inoculum was prepared from 24 h cultures grown
diseasesXacA, XacB (includes pathotypes C and  on PYDAC medium (Verniére et al., 1991). Cell sus-
D) and X. axonopodisstrains associated with CBS  pensions were adjusted turbidimetrically and diluted

(Stall and Civerolo, 1991). However, the taxonomy to contain approximately POCFU mi~1. Plants were
of these strains has been controversial (Gabriel et al., maintained in the greenhouse at 28280
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Figure 1. Differential symptomatology oKac-A and XacA* strains ofXacon attached leaves of ‘Duncan’ grapefruit. a) — typical callus-like
lesions with watersoaked marginéac-A strain Xc62); b) — blister-like lesion with more or less water soaked makac-A* type 1). c) — flat
and watersoaked lesionsdcA* type 2).



481

Detached leaf assay Phage sensitivity

Immature fully expanded ‘Mexican’ lime and ‘Marsh’  Bacteriophages Cp1, Cp2, Cp3 were deposited sepa-
grapefruit leaves were sterilized by soaking for 2 min rately in 10ul drops on the surface ofac-seeded soft

in 1% sodium hypochlorite followed by rinsing in ster-  agar overlays. Plaque formation was observed at the
ile distilled water. Leaves were placed on the surface routine test dilution (RTD), 10 x RTD and 1/10 x RTD

of 1% water agar with their abaxial surfaces facing up- (Civerolo, 1990).

wards. Ten wounds were made per leaf with a needle

and droplets (1Qul) of bacterial suspensions contain- Serological tests

ing approximately 18CFU mI~! were placed on each  |ndirect ELISA tests were carried out using rab-
wound. Leaves were incubated in a growth chamber at pjt polyclonal antisera against strains Xc6Xat

28°C with a photoperiod of 12 h |Ight and 12 h dark pathotype-A), Xc69 Xac pathotype-B), and Xc70

for 3 weeks. (Xacpathotype-C) (Civerolo and Fan, 1982).
_ Monoclonal antibodies (mabs) X1, Al, A2, B1,
Growthin planta B2, B3, C1 and CBS1 (Alvarez et al., 1991) were

Attached ‘Mexican’ lime and ‘Marsh’ grapefruit 5150 ysed in indirect ELISA tests. Two new mabs were
leaves were inoculated as described above with the prepared against strain Xc274 from Saudi Arabia.
strains Xc328 and Xc32HK@cA*, from Saudi Ara-  Thege two clones were designated A3 and A4, respec-

bia) and strain Xc62XacA, from Japan) as a refer-  {jyely. Mab preparation and tests were performed as
ence strain. Leaf disks (1 cm) were removed using a yescribed by Alvarez et al. (1985).

corkborer 0, 1, 2, 3, 6 and 8 days after inoculation

and ground individually in phosphate buffered saline pnA analyses
(PBS (NaCl: 8 g; KCI: 0.2 g; NgHPOy. 1.44 g;
KH2POy: 0.24 g; dHO: 1000 ml; pH: 7.2)). Drops
(10 ul) of appropriate dilutions in PBS were deposited
on PYDAC plates and incubated for 3-4 days af€8
Three replicate disks per strain and per host were taken
from different plants at each date. Bacterial popula-
tions were expressed as the log CFU@rData were
subjected to an analysis of variance (ANOVA) with
time after inoculation as a repeated measure (Stat View
4.02, Abacus Concept, Montclair, California, USA).

Restriction Fragment Length Polymorphism (RFLP)
analyses were performed using seven cosmid clones
obtained from strain Xc62 as described previously
(Hartung and Civerolo, 1989). Probes pFL62.42 and
pFL1 derived from indigenous plasmids of strain Xc62
were used in dot-blot hybridizations as described by
Hartung (1992). Polymerase chain reaction assays
were performed using primer pair 4/7 as described
previously (Hartung et al., 1993)

Biochemical, physiological and genetic tests
phy 9 9 Results

Physiological tests
Tests were performed as described by Verniére et al. Pathogenicity tests
(1991) and included hydrolysis of gelatin and casein

and growth in the presence of 3% NaCl. Results from preliminary virulence studies prompted
a more detailed characterization X&c strains from
Metabolic fingerprinting southwest Asia, designate@cA*. All of the strains
Characterization of the strains was carried out us- (24/24) from Saudi Arabia as well as the strain from
ing Biolog® GN microplates (Biolog Inc., Hay- Iran and two strains each from India and Oman dis-

ward, CA). Absorbance was measured with a Dynat- Played altered pathogenic reactions compared to that
ech MR-700 microtiter plate reader using Microlog Of referenceXacA strains. In attached leaf assays,
N®software (Biolog). Carbon oxidation profiles this group of strains induced leaf lesions on Mexican

were generated and identification of strains was done lime that were raised and erumpent, with callus-like
with the same software using the commercial databaseliSSU€S, narrow watersoaked margins, and light yel-

supplemented with data from our laboratory strains as |0W chlorotic haloes (Figure 1a) as are typical CBC-A
described previously (Verniére et al.,1993). lesions. However, in attached grapefruit leaf assays,
’ a species highly susceptible ¥ac -A, lesions were

morphologically different from typicalCBC-A le-
sions. Two types of atypical lesions were observed on
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Figure 2. Growth in vivo of X. axonopodigv. citri A* strains Xc328 M) and Xc329 ¢) with a referenceXac A strain Xc62 () on (a)
grapefruit and (b) Mexican lime. Bars represent the LSD at a 5% level.

attached grapefruit leaves. The first type was charac-in attached leaf inoculations. All strains produced
terized by slightly raised, blister-like lesions. These erumpent callus-like tissue on detached 'Mexican’
lesions were more or less watersoaked, but neverlime leaves. In contrast, théacA* strains caused no
erumpent (Figure 1b). The second type was flat and or limited watersoaking on detached grapefruit leaves,
watersoaked. Sometimes the center of the lesion waswhile the typical strains caused the erumpent tissue
necrotic (Figure 1c). Other strains from India, Oman, reactions (Figure 3).
Pakistan and Yemen induced lesions typical of CBC-
A on grapefruit and other citrus varieties. Attached Bjochemical, physiological and genetic tests
leaf inoculations with th&Xac-A* strains on ‘Swingle’
citrumelo,Citrus volkamerianand ‘Carrizo’ citrange In contrast with the atypical pathogenicity of thac
(P. trifoliata xC. sinensik showed a similar atypical ~ A* strains, results of biochemical tests, bacteriophage
symptomatology. Because of the atypical leaf lesions typing, and DNA analyses were generally consistent
observed in attached leaf assays, bacterial grawth  with those ofXac-A strains. The observed hydroly-
vivo was observed in grapefruit and ‘Mexican’ lime  sis of gelatin and casein and the growth on 3% NaCl
leaves for bothXacA and XacA* (Figure 2). No  were characteristic okac-A strains. The insensitiv-
statistically significant differences were observed be- ity to bacteriophage Cp3 separated Xeec-A* strains
tween the growth rate of th€ac-A* strains and that  from theXacB group of strains (Table 2). The coeffi-
of the referenceXacA strain in either grapefruit or  cients of similarity (Nei and Li, 1979) to strakac-A
Mexican lime leaves. reference strain Xc62 obtained from RFLP analysis
In detached leaf assays the different symptoms clearly grouped thé&Xac-A* strains with typicalXac
induced byXacA and XacA* were very clear-cut A strains, and separated them frotacB andXac-C
and somewhat different from symptoms observed strains (Table 2). DNA from th&acA* strains also
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Table 2. Characterization of the southwest Asian ty}eaxonopodispv. citri Xac-A* strains by phage
typing, biochemical tests, DNA analyses and serological tests

XacA XacA* XacB 1 XacCl
phage sensitivity
-Cpl v - - -
-Cp2 Y - - -
- Cp3 - - + -
biochemical tests
- hydrolysis of gelatin + + - -
- hydrolysis of casein + + - +
- growth on NaCl 3% + + - -
Dot blot hybridization$
- pFL1 ++ ++ + +
- pFL62.42 ++ ++ + +
RFLP (similarity coefficients F)
- to CBC-A (Xc62) 0.83-0.97 0.76-1.00 0.61-0.62 0.62
- to CBC-B (Xc69) 0.40 0.41-0.44 0.89-0.96 0.85
- to CBC-B (Xc84) 0.49 0.41-0.43 ND ND
- to CBC-C (Xc70) 0.53 0.46-0.47 0.82-0.89 ND
PCR identification (primer 4/7) + + v \Y
ELISA with polyclonal antibodies
- anti Xc62 1.08 0.10-0.28 ND ND
- anti Xc69 0.57 0.36-0.64 1.09 ND
- anti Xc70 0.48 0.19-0.36 ND 1.09
ELISA with monoclonal antibodies
-X1 + + + +
-Al + - - -
-A2 v - - -
-B1, B2, B3 - - v -
-C - - - Y
-CBS1 - - - -

+ = positive, - = negative, v = variable responses among the strains.

1 data from Verrére et al., 1991; Hartung and Civerolo, 1989; Hartung et al., 1993; Alvarez et al., 1991.
Some of these data were rechecked in the present work.

2 ++ = intense spot, + = weak spot.

3 absorbance values are given relative to the homologous strains Xc62 (A), Xc69 (B), Xc70 (C).

4 XacB isolates are positive for at least one ‘B’ mab.

ND: no data.

hybridized with two probes specific fotac, pFL1 and strains as a group by differential utilization of 5 car-
pFL62.42 and was detected by PCR as is typical for bon sources out of the 95 tested with the Microlog

Xac-A (Table 2). GN plate (Table 3). Nevertheless, thacA* strains
However, metabolic fingerprints based on carbon shared the typicaXac-A group profile of assimilation
source oxidation usually did not identify théac of L-Fucose, D-Galactose and Alaninamide (Verniere

A* strains asXac-A. An identification of Xac-A was etal., 1993) (Table 4).
given in only 4.3% of the observations while 53.4%

of the observations resulted in an identificationas  gerological tests
campestrigv. dieffenbachiaéB’. The XacA* strains

were also never identified asacB or as strains of |, spite of the physiological, bacteriophage typing,
X. axonopodighat cause CBS. Based on the G-test RrLp and PCR data that placed thacA* strains
(Sokal and Ronhlf, 1969), th&acA* strains as a  wjth XacA, no strong affinity ofXacA* strains for
group were statistically distinguishable frokac-A polyclonal antibodies raised against aXgc patho-



484

Table 3. Oxidation of carbon sources by southwest Asixa¢A*) and reference strains &f. axonopodigpv. citri

pathotype A using the Biol(@ GN plate system

Xac-strains a-D-Lactose Propionic D,l-Glycerol Glucose-1- Glucose-6-
lactulose acid phosphate phosphate phosphate

Reference g3 g3 77 S 9 gk 24 g 10 §*

Xac-A strains

n=141

XacA* 42 43 66 69 42

strains

n=29

1 n: number of strains tested. Data are combined from this study and from that ofiéeetial., 1993.
2 Data are expressed as percentage of strains tested that oxidized the carbon sources indicated.
3 s: significant statistical differences in each column using G-test statistic between the two groups of*&trains (

<0.001,** = p < 0.01) (Sokal and Rohlf, 1969).

Table 4. Oxidation of three carbon sources by reference straiixs akonopodipv.
citri pathotypes A, B and C an¥. axonopodigv. citri -A* strains isolated from

southwest Asia using the Biol@ GN plate system

Xac-Pathotypes D-Galactose Alaninamide L-Fucose
A(n=141} 95.7 (0.7 100 76.6 (11.3)
A* (n=29) 100 100 96.5 (3.5)
B(n=9) 0 100 0
C(n=3) 100 0 100

1 h = number of strains tested. Data are combined from this study and from that of

Verniere et al., 1993.
2 per cent of strains with positive results.

3 per cent of strains with variable results for the four sets of data (two replicates and

two readings).

types was detected. Antisera raised against referenceDiscussion

strains Xc62, Xc69, and Xc7Xac -A, -B, -C, re-
spectively) reacted very weakly with these strains

Strains ofXac originating from southwest Asia, in-

(Table 2). The range of absorbance values obtainedcluding Saudi Arabia, Oman, Iran as well as India

with the XacA* strains using the polyclonal antibody
anti Xc69 (0.36-0.64) is higher than that showed using
the antibody developed against the refereeeA
strain Xc62 (0.10-0.28). Monoclonal antibody X1 (Al-
varez et al., 1991) identified théacA* strains asX.
axonopodisReactions with mabs B1, B2, B3, C and
CBS1 were negative and thus uninformative except
that strains belonging t¥acB reacted positively for

at least one of the mabs B1, B2 or B3 (Table 2). The
XacA* strains did not react with either mabs A1 or A2
while theXac-A strains showed an affinity for mab Al
and variable responses for A2. Also, 90% of Xexc

A* strains reacted with mab A3 as compared to only
14.8% ofXacGA strains (Table 5). AllXacA* strains
which did not react with mab A3 also did not react
with mab A4 as was the case for strains<aic- B and

C.

exhibited a pathogenicity distinctive withiX. ax-
onopodispv. citri. They elicited typical CBC symp-
toms when inoculated to Mexican lime, their host
of origin. These strains failed however to incite any
erumpent lesions typical of CBC on grapefruit, a
species very susceptible to CBC-A, and which typi-
cally produces erumpent lesions when inoculated with
Xac Erumpent lesions also were not induced on the
other citrus varieties tested. Only atypical blister-like
or watersoaked lesions have been induced on species
other than Mexican lime. These lesions never devel-
oped further to give a typical canker. This symptoma-
tology is different fromXac-C strains which also are
specific to Mexican lime, since in contrast with the
symptoms induced b¥XacA*, no symptoms devel-
oped after inoculation of grapefruit witkac-C (Mala-
volta et al., 1987; Namekata and Ball, 1977; Stall et
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Table 5. Serotypes ofX. axonopodispv. citri pathotype A andX. axonopodispv. citri pathotype A
defined by monoclonal antibodies (mabs) Al, A3 and A4

Xac-A strains (n = 813 XacA* strains (n = 29)
mab Al + + +
mab A3 + - - + + - - +
mab A4 + - + - + - +
% 9.9 29.6 55.6 4.9 62.1 10.3 0 27.6

1: n = number of strains tested. Includes X4c-A strains listed in Table 1 and 67 additionghacA

strains from different origins. All the strains are Al positive.

Figure 3. Responses on Marsh grapefruit in a detached leaf assay after two weeksX@igAtstrain, left: Xac-A* strain.

al., 1982).XacB strains are also only pathogenic on A and XacB, little variation amongXacA strains

a narrow host range in the field, but unlike thac has been reported previously (Gabriel et al., 1988;
A* strains, when artificially inoculated on grapefruit Hartung and Civerolo 1989; Verniére et al., 1993).
and some other varieties, they give typical erumpent Sensitivity to bacteriophage Cpl has been associated
symptoms (Malavolta et al., 1987; Namekata and with strains that assimilated mannitol (Goto, 1992)
Ball, 1977; Stall et al., 1982). Although symptom and with strains reacting with mab A2 (Alvarez et
expression is different fokac-A andXac-A* in grape- al., 1991). However, these phenotypes were not corre-
fruit leaves, there was no measureable difference in lated with a specific host or region of origin. Recently,
multiplication of the bacteria in inoculated leaves otherXacA strains originating from the Mascarenes,

(Figure 2). a tiny archipelago in Indian ocean, were differenti-
Hybridizations with specific DNA probes and PCR ated from other strains ofkacA by their resistance
amplification using primers specific fotac all con- to B-lactam antibiotics (Verniére et al., 1994). Here we

firmed theseXacA* strains asXac but were not con-  have characterizedacstrains closely related tdac
clusive criteria for assigning the strains to a pathotype. A but which show a novel phenotype consisting of
The hydrolysis of gelatin and casein and growth on both a distinctive pathogenicity (host range and symp-
medium containing 3% NaCl, as well as the RFLP tomatology) and the absence of the epitopes reacting
profiles were, however, typical ofac-A strains. Sur- with mab Al and polyclonal antibodies raised against
prisingly, theXacA* strains did not react with either  Xc62. All of these strains are from ‘Mexican’ lime
the mab Al which is highly specific t§acA strains and originated from southwest Asia and appear to be
(Alvarez et al., 1991) or with polyclonal antiserum unique. Although th&XacA* strains were not detected
raised againsfacA reference strain Xc62. Although  serologically, they were easily detected by the PCR
sufficient variation withinX. axonopodigv. citri has assay designed to detetac(Table 2).

been observed to describe pathotypes designeed
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It is interesting to note that some strains isolated in a variant clonal subgroup ofac-A, could account
in India show the same novel phenotype (Table 1). for the origin of theXac-A* group of strains.
CBC was described in India at the end of the last cen-
tury (Civerolo, 1984) and one can speculate that this
was the region of origin for the strains ¥fcin this Acknowledgements
study. CBC was probably introduced into the south-
west Asian region via infected plant or propagative
material. ‘Mexican lime’ is currently the major citrus
species grown in Saudi Arabia and presumably was a
factor in the development of these novel strains.
The classification of heterogenoMsic strains in
pathotypes A-C now appears to bg more complicated. References
The consensus has been that strainkatA had the
widest host range (Goto, 1992; Stall and Civerolo, Alizadeh A and Rahimian H (1990) Citrus canker in Kerman
1991) and constituted a clonal population (Gabriel et A PVOV'”X&- 'E‘” J('j’,'i”;iathﬂ ?ws': 42 o CY (1985) Identi
. . . varez , benedaic an 1Zymoto entitica-
al., 1988; Ha;krtung. and CIV?I’OlO, 1989) withKag, tion of Xanthomonads and grouping of strainsXanthomonas
but theXacA* strains described herein do not corre- campestrispv. campestriswith monoclonal antibodies. Phy-
spond clearly to th&Xacpathotype classification. They topathology 75: 722-728
belong to the clonaKacA group defined by RELP Alvarez AM, Benedict AA, Mizumoto CY, Pollard LW and Civerolo
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